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I .  T n t  roduct ion  

Measurement of t h e  i n t e n s i t y  and s p a t i a l  v a r i a t i o n s  of t h e  r e s o n a n t l y  

s c a t t e r e d  HeII-304 emission l i n e  i n  t h e  e a r t h ' s  a i r g l o w  r e p r e s e n t s  an 

impor tan t  and perhaps  unique method f o r  de t e rmin ing  t h e  g l o b a l  d i s t r i b u t i o n  

of  thermal H e  i n  t h e  plasmasphere (Young e t  a l .  1971a) .  F o r  t h i s  reason ,  

a number of such measurements have been c a r r i e d  o u t  (Young e t  a l .  1971b; 

+ 

Ogawa and Tohmatsu, 1971; Meier and Weller, 1972; Pa resce  e t  a l . ,  1973, 1974; 

Wel le r  and Meier, 1974) ,  and a number of  t h e o r e t i c a l  c a l c u l a t i o n s  performed 

(Schunk and Walker, 1970; Murphy e t  a l . ,  1949; Chiu e t  al., 1979;  R a i t t  

et a l , ,  1978; O t t l e y  and Schunk, 1980 and t h e  r e , f e r e n c e s  t h e r e i n ) .  Due 

t o  t h e  low s e n s l t i v i t y  (a few c o u n t s  s-l Rayleigh -1 and low s p a t i a l  

r e s o l u t i o n s  (z 10" FWHM) of t h e s e  o b s e r v a t i o n s ,  s i m p l e  ad-hoc models of  t h e  

p lasmaspher ic  H e  d i s t r i b u t i o n s  such  as c o n s t a n t  d e n s i t y ,  power l a w  o r  d i f f u s i v e  + 

e q u i l i b r i u m  models, have been found t o  f i t  t h e  a v a i l a b l e  d a t a  reasonably  

w e l l  and have been  u s e f u l  i n  d e r i v i n g  r e s u l t s  whose a c c u r a c y  i s  comparable t o  

t h e  l a r g e  u n c e r t a i n t i e s  i n  t h e  models and t h e  d a t a .  The EW t e l e s c o p e  on 

t h e  Apollo-Soyuz miss ion  (ASTP) h a s  c a r r i e d  o u t  a comprehensive s t u d y  of  

t h e  HeII-304 n ightg low w i t h  o r d e r s  of magnitude more s e n s i t i v i t y  (860 

coun t s  s-' Rayleigh-l)  and much h i g h e r  s p a t i a l  r e s o l u t i o n  (2 .5" F W M )  t han  

h e r e t o f o r e  a v a i l a b l e .  R e s u l t s  of a p r e l i m i n a r y  a n a l y s i s  of t h e s e  d a t a  u s i n g  

t h e  models j u s t  d e s c r i b e d  have  been r e p o r t e d  by C h a k r a b a r t i  e t  a l .  (1980).  

These au tho r s  showed t h a t  t h e s e  models w e r e  i nadequa te  t o  e x p l a i n  t h e  complex 

v a r i a t i o n s  of t h e  observed signal o b t a i n e d  ove r  such  a wide  range  of  plasma- 

s p h e r e  parameters  and were thus  of l i m i t e d  u s e f u l n e s s  i n  o b t a i n i n g  an 

a c c u r a t e  and realistic de te rmina t ion  of t h e  H e  d i s t r i b u t i o n .  

t h e  r e s u l t s  of a comparison of  the ASTP HeII-304 A obse rva t ions  w i t h  t h e  

+ I n  t h i s  r e p o r t ,  
0 

p r e d i c t i o n s  of a s e l f - c o n s i s t e n t  k i n e t i c  e q u i l i b r i u m  model of t h e  
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plasmaspher ic  i o n  d e n s i t y  desc r ibed  by Chiu e t  a l .  (1979) are g iven ,  and 

t h e  i m p l i c a t i o n s  of such a comparison on ou r  unders tanding  of t h e  g l o b a l  

d i s t r i b u t i o n  of therma-1 p la sma  i n  t h e  e a r t h ' s  atmosphere are d i scussed .  

11. Observa t ions  

The d a t a  d i s c u s s e d  h e r e  w e r e  a c q u i r e d  by t h e  ex t reme u l t r a v i o l e t  

t e l e s c o p e  (EUVT) c a r r i e d  i n t o  a 215 km a l t i t u d e  e a r t h  o r b i t  by t h e  Apollo- 

Soyuz mission (ASTP) i n  J u l y  1975. The t e l e s c o p e  ( d e s c r i b e d  i n  more d e t a i l  

i n  Lampton e t  al., 1976; and Bowyer e t  a l . ,  1977) c o n s i s t s  of  a 37 cm d iame te r  

g raz ing  i n c i d e n c e  f l u x  c o l l e c t o r ,  a con t inuous ly  r o t a t i n g  six p o s i t i o n  f i l t e r  

wheel and a p a i r  of channel  e l e c t r o n  m u l t i p l i e r  photon d e t e c t o r s .  

experiment was o p e r a t e d  as a f ive c o l o r  photometer  w i t h  t h e  combinat ion 

of t h i n  f i l m  f i l t e r s  and t h e  r e s p o n s e  of t h e  d e t e c t o r  and o p t i c s  d e f i n i n g  

bandpasses of  45-185, 114-185, 170-620, 500-780, and 1350-1700 1. 
p o s i t i o n  on t h e  f i l t e r  wheel p e r m i t s  n e a r l y  con t inuous  mon i to r ing  of i n h e r e n t  

d e t e c t o r  background d u r i n g  t h e  o b s e r v a t i o n s .  

The 

An opaque 

Count r a t e s  from b o t h  d e t e c t o r s  are t e l e m e t e r e d  each  0.1 s e c ,  c y c l i c a l l y  

p rov id ing  0.7 seconds  accumula t ion  of da t a  a t  each bandpass  every  s i x  

seconds. 

de f ined  t r a p e z o i d  p r o f i l e  w i t h  s e l e c t a b l e  w i d t h s  of 2.5  and 4 - 3 O  RJHM 

The f i e l d  of v i e w  o f  t h e  i n s t r u m e n t  is c i r c u l a r  w i t h  a s h a r p l y  

obta ined  by commanding e i t h e r  of t h e  d e t e c t o r s  i n t o  t h e  f o c a l  p o s i t i o n .  

ins t rument  s e n s i t i v i t y  as a f u n c t i o n  .of wavelength  for  t h e  bandpasses  r e l e v a n t  

t o  our  d i s c u s s i o n  i n  t h i s  r e p o r t  i s  g iven  by Pa resce  e t  a l . ,  1981. 

The 

The 170-620 bandpass  d e f i n e d  by an aluminum and carbon t h i n  f i l m  

f i l t e r  h a s  a non-neg l ig ib l e  r e s i d u a l  s e n s i t i v i t y  a t  t h e  wavelength of t h e  

resonance l i n e  of  n e u t r a l  h e l i u m  a t  584 x, a l s o  a prominent  f e a t u r e  of t h e  

n i g h t  sky i n  t h e  EUV. 

L 

Its i n t e n s i t y  can be measured w i t h  t h e  500-780 EUVT 
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passband de f ined  by t h e  t i n  t h i n  f i l m  f i l t e r  and i ts  c o n t r i b u t i o n  t o  t h e  

s i g n a l  i n  the  170-620 band a s s e s s e d  and removed t o - y i e l d  t h e  304 

i n t e n s i t y  alone. For a t y p i c a l  i n t e n s i t y  of  t h e  584 l i n e  of 1 Rayle igh  
I 

(Freeman e t  a l . ,  1977), t h e  s e n s i t i v i t y  of t h e  in s t rumen t  t o  304 r a d i a t i o n  

is  860 counts  s -1 Rayleigh-' f o r  t h e  2.5" FWHM d e t e c t o r .  
a 

The experiment w a s  o p e r a t e d  p r i m a r i l y  i n  a p o i n t e d  mode u s i n g  t h e  

Apollo guidance system t o  o r i e n t  t h e  s p a c e c r a f t  and t h e  t e l e s c o p e  a t  a nuinber 

of p re - se l ec t ed  s t e l l a r  t a r g e t .  As t h e  t e l e s c o p e  was s lewed from one 

t a r g e t  t o  t h e  o t h e r  and as t h e  s p a c e c r a f t  moved from n o r t h  t o  s o u t h  i n  i t s  

55" i n c l i n a t i o n  o r b i t ,  a l a r g e  r e g i o n  o f  t h e  n i g h t  sky  w a s  c o v e r e d ' b y  t h e  

in s t rumen t .  A t y p i c a l  scan of t h e  n i g h t  sky  o b t a i n e d  i n  t h i s  way w i t h  t h e  

2.5" FWHM d e t e c t o r  i s  shown i n  f i g u r e  1. The observed  i n t e n s i t y  i n  Tiayl.eighs 

(I Rayleigh = 10 /4n photons  sec-lcm-*sr-') of 304 1 r a d i a t i o n  d u r i n g  t h e  6 

maneuvers a s  a f u n c t i o n  o f  UT i n  seconds a f t e r  1200 UT July 21,  1975 a p p e a r s  

i n  t h e  upper pane l  of  t h i s  f i g u r e  ( c r o s s e s ) .  

The o b s e r v a t i o n s  w e r e  made a t  l o c a l  s p a c e c r a f t  times between 1900 and 

'0500 hours .  The f i r s t  p a r t  o f  t h i s  pas s  between UT 2300 seconds  and 

2800 seconds,  covered t h e  n o r t h e r n  l a t i t u d e s  o f  t h e  p lasmasphere ,  w h i l e  

between UT t 3200 and z 3800, t h e  l i n e  o f  s i g h t  w a s  comple te ly  c o n t a i n e d  

i n  t h e  e a r t h ' s  shadow. F i n a l l y ,  t h e . s o u t h e r n  hemisphere w a s  e x p l o r e d  a t  

UT 2800 seconds. The model p r e d i c t i o n s ,  d i s c u s s e d  i n  d e t a i l  i n  s e c t i o n  

111, are shown wi th  f u l l  l i n e s  in f i g u r e  1. The lower  p a n e l  d i s p l a y s  

t h e  cor responding  v a l u e s  of t h e  d i s t a n c e  R i n  E a r t h  r a d i i  from t h e  E a r t h ' s  

c e n t e r  a t  which t h e  l i n e  o f  s i g h t  b r e a k s  i n t o  s u n l i g h t .  IJe d e f i n e  t h i s  

p o i n t  t o  be P Also shown are t h e  i n v a r i a n t  magnet ic  l a t i t u d e s  o f  t h e  

p o i n t  P f o r  t h e  co r re spond ing  l i n e s  of s i g h t .  The magnet ic  l a t i t u d e  and 

l o n g i t u d e s  of t h e  s p a c e c r a f t  ranged from 19.4" and 14.0" E at; T = 2300 t o  

1'. 

1 
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Figure  1. I n t e n s i t y  of t h e  observed 304 A f e a t u r e  i n  Rayleighs p l o t t e d  
as a f u n c t i o n  of UT shown w i t h  c r o s s e s .  . T h e  model p r e d i c t i o n s  
are shown w i t h  t h e  s o l i d  l i n e .  The a l t i t u d e  (Rl) of t h e  p o i n t  
(P,) ( s e e  f i g u r e  2) where t h e  l i n e  of s i g h t  b reaks  i n t o  sun- 
l i g h t  i s  shown i n  t h e  bottom pane l  f o r  t h e  corresponding 
p o i n t s .  Also shown is  t h e  magnet ic  l a t i t u d e  0 f . P  for t h e  
corresponding t i m e s .  1 
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-40.9" and -31.5" W a t  T = 4400 seconds r e s p e c t i v e l y .  The a p p r o p r i a t e  viewing 

geometry i s  shown i n  f i g u r e  2. 

300 km. where- t he  t r a n s m i s s i o n  of  t h e  304 1 f e a t u r e  through t h e  atmosphere 

i s  10% (Paresce  e t  a l .  1973) .  

The shadow h e i g h t  w a s  t aken  t o  l i e  a t  - 

111. Analys is  and .Discuss ion  
0 

The expected i n t e n s i t y  of  t h e  304 A r a d i a t i o n  i n  Rayle ighs  i n  a 

s c a t t e r i n g  medium which i s  i s o t h e r m a l ,  o p t i c a l l y  thin and a t  rest with  

r e s p e c t  t o  t h e  e a r t h  can be shown ( P a r e s c e  e t  a l .  1973) t o  be  g i v e n  by:  

. .  

I = A I p(9)(TrFv)of [ e] n(He + ) dz m c  z 

where z is  t h e  l i n e  o f  s i g h t  d i r e c t i o n ,  p(9)  i s  t h e  phase  f u n c t i o n  f o r  

s c a t t e r i n g  through a n  a n g l e  8,. ( T F ~ ) ~  is t h e  s o l a r  f l u x  a t  , t h e  l i n e  c e n t e r ,  

f i s  t h e  o s c i l l a t o r  s t r e n g t h  of  t h e  304 t r a n s i t i o n ,  n(He ) is t h e  number 

d e n s i t y  of H e  i n  t h e  plasmasphere,  A is t h e  a t t e n u a t i o n  f a c t o r .  f o r  p u r e  

a b s o r p t i o n  a t  304 d by the rmospher i c  N 

+ 
+ 

O2 and 0. This f a c t o r  i s  c a l c u l a t e d  2' 
f o r  t h e  c o n d i t i o n s  a p p r o p r i a t e  t o  t h e  t i m e  of f l i g h t  u s ing  t h e  MSIS model 

u s ing  d a t a  from mass spec t romete r s  on f i v e  satellites and fou r  ground-based 

incohe ren t  scatter s t a t i o n s  (Hedin, 1979). The s c a t t e r i n g  phase f u n c t i o n  

(e) f o r  304 A i s  (Brandt and Chamberlain, 1959) 
0 

where 8 is t h e  a n g l e  between t h e  l i n e  of s i g h t  and t h e  s u n - s c a t t e r e r  

d i r e c t i o n .  The v a l u e  of t h e  i n t e g r a t e d  s o l a r  l i n e  f l u x  a t  304 used  i n  

11 
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9 ' -2 
our  c a l c u l a t i o n  w a s  7 . 1  x 10 photons c m  sec-1. This v a l u e  w a s  ob ta ined  

by t h e  EUV spec t romete r  on the AE-E s n t e l l i t e  d u r i n p  the  s o l a r  q u i e t  pe r iod  

of  J u l y  13-28, 1976 (F = 67) (1Iint.eregger e t  a l .  1981) i n  t h e  390-350 1 
passband. Th i s  va lue  is c o n s i s t e n t  w i t h  o b s e r v a t i o n s  by Heroux and HigFins 

9 9 
( 1 9 7 7 ) ,  whose measured s o l a r  f l u x  a t  HeII-304 A w a s  6 .9  x 10 and 7 .4  x 10 , 

photons cm sec 

0 

-2 -1 under similar s o l a r  conQi t ions  (F = 7 4  and 84 r e s p e c t i v e l y )  

i n  1973. 

1972) ,  eq. (1) reduces  to '  

Using 0.15 k as t h e  wid th  o f  t h e  solar  304 $ l i n e  (Rchr ing  et: a l .  

-11 I = 1.05 x 10 A P(6) ( 3 )  . 

Thus, t h e  observed  i n t e n s i t y  e s s e n t i a l l y  depends upon t h e  i n t e g r a t e d  column 

d e n s i t y  of t h e  He+ i o n s  a l o n g  t h e  l i n e  o f  s i g h t .  T h i s  i s  computed by 

i n t e g r a t i n g  t h e  model 's  p r e d i c t e d  number d e n s i t y  p r o f i l e  from t h e  lower t o  

the  upper  bound of t h e  i l l u m i n a t e d  column ( p o i n t s  P1 and P2 r e s p e c t i v e l y  i n  

f i g u r e  2 ) .  The l a t t e r  is  d e r i v e d  from t h e  s t a n d a r d  s t a t i s t i c a l  r e l a t i o n s h i p  

between t h e  p lasmaspher ic  r a d i u s  and t h e  i n t e r p l a n e t a r y  K i n d e x  a t  t h e  time 

o f  o b s e r v a t i o n  (Binsack,  1967; C a r p e n t e r  and ?a rk ,  1973) .  
P 

+ . The H e  i o n  d i s t r i b u t i o n  w e  adopted  is based  on a model d i s c u s s e d  i n  

d e t a i l  by Chiu e t  a l . ,  1979. The 'model  h a s  f e a t u r e s  similar t o  t h e  conven- 

t i o n a l  d i f f u s i v e  e q u i l i b r i u m  d i s t r i b u t i o n  o f  c o l l i s i o n l e s s  p l a s m a s  ( s e e ,  f o r  

example. B a u e r  1969) w i t h  t h e  impor t an t  d i f f e r e n c e  o f  t h e  i n c l u s i o n  o f  an 

inhomogenous magnet ic  f o r c e  i n  t h e  f o r c e  balance e q u a t i o n .  T h i s  f o r c e ,  

r e q u i r e d  by k i n e t i c  c o n s i d e r a t i o n s ,  is  s i g n i f i c a n t  f o r  t h e  case o f  low 
1 ,  

and medium d e n s i t y  plasmas,  and t h u s  is impor t an t  i n  t h e  p lasmasphere .  In 

t h i s  model, t h e  d i s t r i b u t i o n  of He i o n s  of masses 

d i s t a n c e  r from t h e  center o f  t h e  e a r t h  i s  g iven  by 

+ 
a t  a radial, %e+ 
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where s is  t h e  a rc  l e n g t h  a l o n g  a d i p o l a r  f l u x  tube  d e f i n e d  t o  be  ze ro  a t  

t h e  equa to r  and s = L a t  t h e  r e f e r e n c e  a l t i t u d e  (500 km ) ,  n +(‘I is the He 

number d e n s i t y  a t  s = L and T ( s )  is  t h e  t empera tu re  s t r u c t u r e  of  t h e  plasma- 

+ 
H e  

sphe re ,  G is t h e  g r a v i t a t i o n a l  c o n s t a n t ,  5 is  t h e  e a r t h ’ s  mass, and  R 

t h e  ear th’ l s  a n g u l a r  ;peed. 

is  

The i o n  d i s t r i b u t i o n  depends upon t h e  magnet ic  

E 

f i e l d  B a t  s and t h e  s e l f - c o n s i s t e n t  ambipo la r  d i f f u s i o n  e l e c t r i c  f i e l d ,  E. 

The plasmasphere is  assumed t o  c o n s i s t  of o n l y  t h r e e  k i n d s  of i o n s :  O+, HC, 

and H e  . 
i . e .  

S 

+ The e q u i l i b r i u m  s o l u t i o n  i s  o b t a i n e d  by r e q u i r i n g  charge  n e u t r a l i t y ,  

n e b )  = n o + W  + %+(S) + nHe+(S) ( 5 )  

The model is comple te ly  s p e c i f i e d  once t h e  t empera tu re  s t r u c t u r e  T ( s )  and 

a t  t h e  r e f e r e n c e  a l t i t u d e  are  s p e c i f i e d .  He+ t h e  i o n o s p h e r i c  d e n s i t y  n 

As sugges ted  by Chiu e t  a l . ,  t h e  t e m p e r a t u r e  p r o f i l e  w a s  model led by 

T(s) = To C FLT(t)  + T1 
0 

where a de termines  the t empera tu re  v a r i a t i o n  as a f u n c t i o n  o f  L and B 

determines  t h e  var ia t ion of  t empera tu re  as a f u n c t i o n  of s along a f i e l d  l i n e  

for a g iven  L. T is t h e  i o n  t empera tu re  measured by t h e  R e t a r d i n g  P o t e n t i a l  
0 
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Analyzer on board the  AE-C s a t e l l i t e  a t  3 0 0 k m a t  0600 hour s  l o c a l  t i m e  n e a r  

t h e  magnetic e q u a t o r  du r ing  t h e  t i m e  of o u r  o b s e r v a t i o n .  C i s  a s c a l e  

f a c t o r  which scales  t h e  AE-C o b s e r v a t i o n s  t o  y i e l d  t empera tu res  a E  500 k m  

a l t i t u d e  a t  t h e  f o o t  of t h e  f i e l d  l i n e s  a long  t h e  l i n e  of  s i g h t .  Th i s  w a s  

ob ta ined  from a s t a n d a r d  t e m p e r a t u r e - a l t i t u d e  model (Banks and Rockar t s ,  

1973) .  F ( t )  i s  a f a c t o r  which accounts  f o r  t h e  v . a r i a t i o n s  of t empera tu re  

w i t h  l o c a l  t i m e  ( t )  and is de termined  from AE-C measured t empera tu res  i n  t h e  

same l o c a l  t i m e  zones a s  o u r s  about a week b e f o r e  and a week a f t e r  o u r  

o b s e r v a t i o n s  under  i d e n t i c a l  s o l a r  and geomagnetic c o n d i t i o n s .  The f u n c t i o n  

F 

o f  800" K a t  00 hour s  and 2000" K at 0600 and 1800 hour s .  

8 

LT 

(t>' has  approximate ly  t h e  shape  of a s i n e  wave which g i v e s  a t empera tu re  LT 

The v a l u e s  of  ' the  d i f f e r e n t  pa rame te r s  used i n  model l ing  t h e  t empera tu re  

s t r u c t u r e  are as fol lows:  

T = 2000" K ,  S = 1.21 ,  T1 = 7000" K ,  a = 6 = 0.5, L = ' 2  
0 0 

These parameters y i e l d  a t empera tu re  of  about  l l , O O O o  K a t  t h e  e q u a t o r i a l  

plasmapause ' c o n s i s t e n t  w i t h  t h e  a v a i l a b l e  measurements d i s c u s s e d  i n  d e t a i l  

i n  Chiu e t  a l .  1979. I n  t h i s  a n a l y s i s ,  w e  have  assumed t h a t  t h e  number 

d e n s i t y  of H+ and 0 

i n s i d e  t h e  plasmasphere.  

i onosphe re  used i n  t h i s  a n a l y s i s  w e r e  o b t a i n e d  by t h e  Bennet t  i o n  mass 

s p e c t r o m e t e r  on board t h e  AE-C sa te l l i te  a t  300 Km at t h e  t i m e  of o u r  f l i g h t .  

We e x t r a p o l a t e d  t h e s e  v a l u e s  t o  500 Km u s i n g  an ionosphe re  model i n c o r p o r a t i n g  

flow a long  magnet ic  f l u x  tubes.  as w e l l  as p r o d u c t i o n  and l o s s  o f  i o n i z a t i o n  

(Young e t  a l .  1980) .  

a l t i t u d e  (500 Km) a p p r o p r i a t e  f o r  o u r  c o n d i t i o n s  were found t o  be  40,000 

and 1,000 i o n s  ~ m ' ~  r e s p e c t i v e l y .  

+ i o n s  a t  500 Km do n o t  v a r y  w i t h  l a t i t u d e ,  l o c a l  t i m e ,  e tc .  

The number d e n s i t i e s  of H+ and O+ a t  t h e  boundary 

f The number d e n s i t i e s  0 and H' at  t h e  r e f e r e n c e  

15 
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W e  have used 

+ +  Unlike the  0 , H 

+ -  t h e  H e  number d e n s i t y  a t  5 0 0 k m a s  t h e  f r e e  parameter .  

d e n s i t i e s ,  w e  have al lowed fo r  a nor th-south  asymmetry 

+ + 
i n  t he  He d i s t r i b u t i o n  a t  500 Km. W e  have inc luded  a w i n t e r  He bu lge  

a t  500 Ira, such  as t h a t  p o s s i b l y  observed  by Br in ton  e t  a l .  1969,  by 

u s i n g  two d i f f e r e n t  number d e n s i t i e s  i n  the two hemispheres .  S i n c e  Pe + is  

produced by p h o t o i o n i z a t i o n  o f  n e u t r a l  hel ium, t h i s  w i n t e r  H e  + bu lge  

. cou ld  be a s s o c i a t e d  w i t h  t h e  observed n e u t r a l  he l ium bu lge  (Kea t ing  and Prior, 1968) 

In o r d c r  t o  s t u d y  t h c  s e n s i t i v i t y  of t h e  model p r e d i c t i o n s  t o  t h e  i n p u t  

+ +  0 , H number d e n s i t i e s  and t h e  t empera tu re  (T ) a t  500 Km w e  v a r i e d  them and 

found t h e  fo l lowing:  

0 

. +  + 
1. A f a c t o r  of  two change i n  t h e  0 and H d e n s i t i e s  change t h e  

t h e o r e t i c a l  H e 1 1  304 1 i n t e n s i t y  by about  8 p e r c e n t  each.  

+ + r e a l i s t i c  v a r i a t i o n  o f  0 and H d e n s i ' t i e s  w i t h  l a t i t u d e  a t  500 Km,  

w i l l  have  a minimal e f f e c t  on t h e  c a l c u l a t e d  i n t e n s i t i e s  and w i l l  

be  w e l l  w i t h i n  t h e  u n c e r t a i n t i e s  i n  t h e  measurement. 

So a 

4- + 
2. The model is more s e n s i t i v e  t o  T t h a n . O  o r  H d e n s i t i e s .  . A 

0 

f a c t o r  o f  t w o  change i n  T changes t h e  p r e d i c t e d  i n t e n s i t y  of t h e  
0 

304 1 f e a t u r e  by Q 30 p e r c e n t .  

l a t i t u d e  a t  400 Km between 60" N and 60" S w a s  found t o  be 

Q 30% ( T i t h e r i d g e  1976). 

The plasma t empera tu re  v a r i a t i o n  w i t h  

Such a v a r i a t i o n  w i l l  change t n e  model 's  p r e d i c t i o n  

by Q 10% and w i l l  be  w i t h i n  t h e  a b s o l u t e  accu racy  of t h e  measurenrent. 

f 
The o v e r a l l  b e s t  f i t  w a s  o b t a i n e d  w i t h  a model hav ing  a V e  number 

d e n s i t y  of 285 

i o n s  cm 

The e x c e l l e n t  overall f i t b t o  o u r  o b s e r v a t i o n s  w i t h  t h e  model p r e d i c t i o n s  

a t  500 Km i n  t h e  n o r t h  (summer) hemisphere and 430 

i n  t h e  s o u t h e r n  heimsphere shown as a s o l i d  l i n e  i n  f i g u r e  1. -3 
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us ing  AE d a t a  a t  t h e  t i m e  of f l i g h t  as boundary v a l u e s  confirm t h e  b a s i c  

v a l i d i t y  of  t h e  Chiu e t  el. model. I t  a l s o  shows t h a t  HeII-304 A photomeLry 

can be unfolded t o  y i e l d  p lasmaspher ic  i o n  d i s t r i b u t i o n s .  The t c n p e r n t u r e  

s t r u c t u r e  and t h e  boundary i o n o s p h e r i c  number d e n s i t i e s  a r e  t h e  on ly  i n p u t  

parameters  t o  t h e  model. S ince  t h e  i n p u t  i o n o s p h e r i c  model d i d  n o t  i n c l u d e  

any v a r i a t i o n s  wi th  l a t i t u d e ,  l o c a l  t i m e ,  e t c . ,  t h e  good agreement  o f  

model p r e d i c t i o n s  and o b s e r v a t i o n s  i n d i c a t e s  t h a t  t h e  o v e r a l l  f e a t u r e s  i n  

t h e  obse rva t ions  are p r i m a r i l y  c o n t r o l l e d  by t h e  p l a smasphe r i c  t empera tu re  

s t r u c t u r e  and t h e  i o n  ' dens i ty  a t  500 Ym. Moreover, t h i s  also i m p l i e s  t h a t  

o u r  assumed tempera ture  d i s t r i b u t i o n  shou ld  be a good r e p r e s e n t a t i o n  of 

t h e  a c t u a l . o n e .  

Summary and Conclusions 

+ 
We have p resen ted  t h e  f i r s t  d e r i v a t i o n  of t h e  p l a smasphe r i c  H e  ion 

d i s t r i b u t i o n  employing s a t e l l i t e  measurements of s c a t t e r e d  HeII-304 & 

resonance  r a d i a t i o n  observed  by t h e  extreme u l t r a v i o l e t  t e l e s c o p e  on t h e  

Apollo-Soyuz mission.  Emission can be e x p l a i n e d  by a He' d i s t r i b u t i o n  

computed w i t h  t h e  a i d  of a p lasmaspher ic  model. Magnetic f i e l d  inhomo- 

g e n u i t i e s  as well as c o l l i s i o n s ,  and t empera tu re  changes w i t h i n  t h e  plasma- 

s p h e r e  are inc luded .  Normal iza t ion  t o  ion d e n s i t i e s ,  t empera tu res  and 

composi t ion observed s imul t aneous ly  n e a r  t h e  a l t i t u d e  o f  t h e  lower  bound- 

ary enhances t h e  e f f e c t i v e n e s s  of t h e  model. The de r ived  H e  d i s t r i b u t i o n  + 

h a s  a m i d l a t i t u d e  summer t o  w i n t e r  r a t i o  of 0.6 a t  500 km. This  r a t i o  

is c o n s i s t e n t  w i t h  s e a s o n a l  changes i n  n e u t r a l  he l ium at 500 Icm which 

i n f l u e n c e s  t h e  p h o t o i o n i z a t i o n  rate. The l o s s  of H e  by c h a r g e  exchange + 

t o  O2 and N2 w i l l  also be  less i n  w i n t e r  a t  500km l e a d i n g  t o  f u r t h e r  t h e  

enhancement of  H e  . - + L 
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' Satellite observations of extreme ultraviolet emissions .from H+, O f ,  

and He' affords an excellent opportunity to explore remotely the plasmaphere 

and ionosphere. In the present instance the plasmaspheric He distribution 

from 500 to 30,000 Km has been determined. 

+ 
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LABORATORY OPERATIONS 

The Laboratory Operations of The Aerospace Corporation is conducting exper- 

imental and theoretical investigations necessary for the evaluation and applica- 
tion of scientific advances to new military space systems. Versatility and 

flexibility have been Sewlopad to a high degree by the laboratory personnel in 
dealing with the many problems encountered in the nation's rapidly developing 

space systems. Expertise in the latest scientific developments is vital to the 
accomplishment of tasks related to these problems. The laboratories that con- 

tribute to this research are: 

Aerophysics Laboratory: Launch vehicle and reentry aerodynamics and heat 
transfer, propulsion chemistry and fluid mechanics, structural mechanics, flight 
dynamics; high-temperature thermomechanics, gas kinetics and radiation; research 
in environmental chemistry and contamination; cw and pulsed chwical laser 
development including chemical kinetics, spectroscopy, optical resonators and 
beam pointing, atmospheric propagation, laser effects and countermeasures. 

Chemistry and Physics Laboratory: Atmospheric chemical reactions, atmo- 
spheric optics, light scattering, state-specific chemical reactions and radia- 
tion transport in rocket plumes, applied laser spectroscopy, laser chemistry, 
battery electrochemistry, space vacuum and radiation effects on materials, lu- 
brication and surface phenomena, thermionic emission, photosensitive materials 
and detectors, atomic frequency standards, and bioenvironmental research and 
monitoring. 

Electronics Research Laboratory: Microelectronics, GaAs low-noise and 
power devices, semiconductor lasers, electromagnetic and optical propagation 
phenomena, quantum electronics, laser communications, lidar, and electro-optics; 
communication sciences, applied electronics, semiconductor crystal and device 
physics, radiometric imaging; millimeter-wave and mtcrowave technology. 

Information Sciences Research Office: Program verification, program trans- 
lation, performance-sensitive system design,  distributed architectures for 
spaceborne computers, fault-tolerant computer systems, artificial intelligence, 
and microelectronics applications. 

Materials Sciences Laboratory: Development of new materials: metal matrix 
composites, polymers, and new forms of carbon; component failure analysis and 
reliability; fracture mechanics and stress corrosion; evaluation of materials in 
space environment; materials performance in space transportation systems; anal- 
ysis of systems vulnerability and survivability in enemy-induced environments. 

Space Sciences Laboratory: Atmospheric and ionospheric physics, radiation 
from the atmosphere, density and composition of the upper atmosphere, aurorae 
and airglow; magnetospheric physics, cosmic rays, generation and propagation of 
plasma waves in the magnetosphere; solar physics, infrared astronomy; the 
effects of nuclear explosions, magnetic storms, and solar activity on the 
earth's atmosphere, ionosphere, and magnetosphere; the effects of optical, 
electromagnetic, and particulate radiations in space on space systems. 


